Histology and mucous histochemistry of the integument and body wall of a marine polychaete worm, Ophryotrocha n. sp. (Annelida: Dorvilleidae) associated with Steelhead trout cage sites on the south coast of Newfoundland. A new species of polychaete (Ophryotrocha n. sp. (Annelida: Dorvilleidae)) was identified from sediment below Steelhead trout cages on the south coast of Newfoundland, Canada. The organisms were observed to produce a network of mucus in which groups of individuals would reside. Questions regarding the nature and cellular source of the mucus were addressed in this study. Samples of worms were taken from below cages and transported to the laboratory where individuals were fixed for histological study of the cuticle and associated mucus histochemistry. The body wall was organized into segments with an outer cuticle that stained strongly for acid mucopolysaccharides. The epidermis was thin and supported by loose fibrous connective tissue layers. Channels separating individual segments were lined with cells staining positive for Alcian blue. Mucoid cellular secretions appeared thick and viscous, strongly staining with Alcian blue and Periodic Acid Schiff Reagent. It was noted that lateral channels were connected via a second channel running through the anterior/posterior axis. The role of mucus secretion is discussed.
Introduction
The impact of aquaculture on the diversity of benthic fauna below sea cages has been well studied [1] [2] [3] [4] . It has been observed that as the microenvironment beneath cages changes over time so does the benthic community [4] . The majority of these effects are due to excessive sedimentation resulting from feed pellets and fecal material [1, 3] . The build-up of organic sediment can result in conditions of high sulphur content and low oxygen due to increased microbial activity within the top layers of sediment [5] . Only fauna able to tolerate low oxygen can survive under these conditions [3, [6] [7] [8] . It has been shown that some benthic fauna are sulfide tolerant (e.g., some polychaete species) [9] [10] [11] [12] . Opportunistic polychaete complexes (OPCs) are frequently found beneath salmon and Steelhead trout cage sites and are considered an indicator of benthic impact related to aquaculture activities. The presence/absence of these "indicator" species or faunal groups under and around finfish aquaculture sites may show transitions from low (background) levels of organic matter to high deposition rates caused by unconsumed feed pellets and fish feces in areas subject to low transport [8, 10, 12, 13] .
Intensive salmonid aquaculture on the south coast of Newfoundland and Labrador has been occurring for approximately 30 years [14] . Characteristically, aquaculture sites in this area are quite deep (>100 m) with hard bottoms. Recent surveys of species diversity beneath cage sites in this region have shown the occurrence of large assemblages of polychaete worms (unpublished data). Samples taken from these assemblages have indicated that the worms present are a new species, Ophryotrocha n. sp. of the Annelid family Journal of Marine Biology Dorvilleidae (G. Pohle and H. Wiklund, personal communication). Generally, Ophryotrocha sp. are small opportunistic polychaete worms of the Annelid family Dorvilleidae. Thornhill et al. [15] provide an excellent description of the basic life history traits of this genus. They typically exhibit a rounded or blunt prostomium and distinct setigers. The jaws have been noted as one of the most interesting characteristics of this group and are most commonly described at P type. They are commonly found in soft sediments associated with polluted and nutrient rich habitats such as harbours and appear to graze on a variety of food types found in the substrate (e.g., bacteria, eukaryotic microbes, and detritus) [15, 16] . While relatively low population densities have been noted in some commonly studied species, others are opportunistic or stress tolerant and can reach high abundance in environments that can be inhibitory to other organisms [15] . Some of these habitats include whalefalls and the organic rich environments beneath salmonid aquaculture cage sites [17] .
While little is currently known of the basic biology of this new species of Ophryotrocha and its role in the ecology of the environment below aquaculture cages, some preliminary field and laboratory observations have shown that they produce and frequently reside in mucus complexes or networks. The function of these complexes in this species and this environment is not yet clear. However, the importance of mucus production and functionality has been explored in a number of other worm species including some of the genus Ophryotrocha [15, 18] . For example, some polychaete species (i.e., Paralvinella palmiformis) resident near deep sea hydrothermal vents have been noted to produce a continual secretion of mucus [19] . It was suggested that, in this species, the purpose might be to clear its body wall of particulate debris or in other related species to eliminate accumulated toxins, that is, elemental sulphur or metallothioneins [19] . In some Ophryotrocha sp. mucous has been noted to be associated with reproductive behaviour including the production of mucous-lined tubes and trails [15] . The excessive production of mucus in the Newfoundland species also suggests some physiological and/or ecological importance although that importance is not yet clear. The present study is an investigation designed to characterize the histology of the integument and body wall, identify sources of mucus production, and describe the distribution of mucus secreting cells in Ophryotrocha n. sp. and provide some preliminary data on the chemistry of the mucus secretions through histochemical staining. This data will help to develop our understanding of the role of this species in the microenvironment beneath salmonid aquaculture cages.
Materials and Methods

Field Sampling.
Polychaetes were collected at an active steelhead trout aquaculture site (Margery Cove; 47.047
• N,
• W) located near St. Alban's, Newfoundland during November 26, 2010. The polychaetes were sampled by dragging a small modified egg net (45 cm by 30 cm oval opening reinforced with metal tubing weighted with two 1.0 kg lead bullet weights; mesh size of 500 µm) over the bottom at a depth of 50 m. The net was deployed by hand tossing it at horizontal distances of 10-15 m in various directions from the vessel, predominately in areas located between aquaculture cages. Once the net settled to the expected depth it was slowly dragged along the bottom and subsequently hauled aboard the vessel. The net was then inverted inside a 20 L bucket filled with seawater collected at a depth of 20 m using a small Niskin bottle. For transport back to the laboratory (Northwest Atlantic Fisheries Centre, St. John's, NL), worms were stored in coolers containing freshly collected seawater from an appropriate depth. On average, roughly 100 polychaetes were collected during each net deployment. Samples were largely free of debris or mud which suggested the net sampled the top layer of the bottom as intended. After arrival at the laboratory polychaetes were transferred to 4 L plastic containers partially filled with sand and seawater (water temperature = 3-4
• C). The containers holding worms were subsequently put in a second holding tank filled with sand filtered chilled water (water temperature = 3-4
• C) and air stones were added to provide aeration. The water flow into each tank allowed for approximately one turnover per hour. The oxygen saturation on average was between 90 and 95%. Aluminum foil was placed over each individual container to reduce light exposure. Crushed trout feed was added to each container as a potential food source. Worms were kept under the above conditions for one month prior to tissue sampling for histology and mucus histochemistry.
Histology.
Groups of five to ten worms were fixed in 10% neutral buffered formalin for 24 to 48 hrs at 4
• C. Following fixation the samples were dehydrated through ethanol series, cleared in two changes of xylene, and infiltrated and embedded in paraffin for both longitudinal and transverse sections. Six to eight micron sections were cut using a rotary microtome (Leica, RM2265), placed on uncoated glass slides, dried overnight at 37
• C, and stored at room temperature. Sections were stained with either haematoxylin and eosin (H&E) or Alcian blue (AB) pH 2.5 and Periodic Acid Schiff 's reagent (PAS) [20] . Slides were stained in batches using a Leica, Auto Stainer XL and were examined using a Zeiss Axio Imager-A1 compound microscope with attached AxioCam HRc camera and associated software. Image plates were created using Photoshop Elements 7.0.
Results
Within hours of transfer to the holding containers the worms were noted to produce copious amounts of a clear mucus-like substance. Frequently, groups of individuals were observed to be suspended in networks of mucus situated just off the tank bottom normally in areas associated with added intact food pellets (Figure 1(a) ).
Individuals were observed to be pink to red in colour with a mean length of 10.25 mm (n = 50) and a mean mass of 12.8 mg (n = 50) (Figures 1(a) and 1(b) ). Morphologically, they were divided into approximately 36 segments with defined parapodia and chaetae (Figure 1(b) ). The anterior region exhibited two peristomal achaetous segments with jaw ( Figure 1(b) ). Longitudinal histological sections through the body indicated that each segment was defined by a single pair of parapodia supported internally with a club-shaped muscular structure surrounding one to two chaetae (Figure 2(a) ). Each segment adjacent to the parapodia was defined by a narrow channel lined with a single layer of cells. Generally the secretory cells were cuboidal with a basal nucleus and eosinophilic apical cytoplasm (Figure 2(d) ). This epithelium seemed to be continuous with the integumental surface of the parapodia (Figures 2(a) and 2(b) ). The luminal surface adjacent to parapodia was coated by a relatively thin layer of mucoid secretion (Figures 2(a) and 2(b) ). Near the anterior region of the worm, other tubular structures appeared to produce a thicker or more viscous layer of mucus (Figures 2(c) and 2(d)). It is unclear as to whether these regions are associated with the previously mentioned channels or represent another type of secretory structure.
Histochemical staining of longitudinal sections through the body wall with Alcian Blue (pH 2.5) and PAS showed that the outer portion of the integument was distinctly Alcian blue positive as was a layer of connective tissue immediately below (Figures 3(a), 3(b), and 3(c) ). The total thickness of the outer integumental layer was approximately 0.5 to 1 µm. Each body segment was defined by large PAS positive muscle blocks lying just adjacent to the integument (Figures 3(a)  and 3(b) ). Interestingly, no distinct cellular integumental epidermis was discernable following histochemical staining. The outer cuticular region also stained strongly with Alcian blue but showed no evidence of distinct secretory cells (Figure 3(e) ). Channels separating individual segments were lined with cells staining slightly positive for Alcian blue (Figures 3(c) and 3(d) ). Mucoid cellular secretions appeared thick and viscous, strongly staining with Alcian blue and PAS (Figures 3(c), 3(d) , and 3(f)). It was also noted that lateral channels were connected via a second channel running through the anterior/posterior axis (Figure 3(b) ). The point of connection appeared to form a small collecting sinus (Figure 3(b) ).
Discussion
Samples for the present study were collected near the end of the annual production cycle for steelhead trout on the south coast of Newfoundland so the introduction of organic material would have gone through maximum input. Visual sampling revealed that the worms appear to reside in mucus complexes associated with this organic layer. This behaviour was subsequently verified through tank observations. The production of mucus in this species appears significant to its basic ecology and warranted further investigation. Individuals from the present study appeared most similar morphologically to Ophryotrocha craigsmithi, originally described from both a Minke whale carcass and sediment collected from below a fish farm in Norway [17] . Histology was not discussed in the original description of O. craigsmithi and no mention was made of mucus secretion. The information provided in the present study is a first description of the basic histology and mucous histochemistry of the integument in a new species of Ophyrotrocha found to congregate below salmonid aquaculture sites on the south coast of Newfoundland.
Histochemical staining using Alcian blue pH 2.5 and Period Acid/Schiff reagent provided a comprehensive view of tissue diversity in histological sections in the current study. The outer most region of the integument (cuticle) stained strongly with Alcian blue suggesting a high content of acid mucopolysaccaride but did not show identifiable secretory cells. Surface mucus secretion was not noted in this region and may suggest that the fixation was not effective enough to preserve mucus on the outer integumental surface. Interestingly, mucus secretion was localized to defined channels that appeared to run perpendicular to each other forming what seemed to be collection sinuses at points of intersection in longitudinal orientation. Hausen [21] indicated that secretory cells release their contents via pores in the cuticle. This was not directly evident in this investigation and suggests that the observation of cell lined secretory channels in this species may be a unique character and a first description. Histologically, within the species from the current study, cells lining secretion channels would sometimes appear continuous with the cuticular/epidermal region or alternatively not appear to gain access to the cuticle at all. Any mucus production would then potentially be secreted directly to the outer integument through the channels. This secretion could then be used as a low friction surface for locomotion or as observed in the laboratory, as a mesh or net structure. It is not clear as to the function of the mucous mesh but one could hypothesize that it may be used as a way of providing colonial cohesiveness, particle trapping, and/or a reproductive role. It is interesting to note that in histological section occasionally the mucoid secretions would appear to vary in volume and apparent viscosity. This may be an indicator of variable function. Further work will be necessary to elucidate the respective roles of this secretion in this species.
Mucus production has been investigated in other species of polychaete and has been noted to have a number of functions related to physiology and ecology [21] . In some species mucous secretions are used for maintaining a film on the body surface or in the production of mucus feeding traps and transport of food particles to the mouth [22, 23] . In other species it has been noted to be utilized in the production of brood chambers or egg cases and in the lining of burrows or tubes [21] .
The cellular source of mucus secretion is variable and can be species-specific. Generally, cells localized to the epidermis and the cuticles are found to be associated with the majority of the mucus production in polychaetes [21] . Numerous studies have investigated the relationship between structure and function in this tissue using a variety of techniques including ultrastructural, histological, and histochemical analysis (reviewed in [21] ). The structure of the cuticle in polychaetes is generally dependent on its life history and basic ecology. For example, in nontube dwelling worms the cuticle is thicker and consists of collagen fibers arranged in layers whereas tube dwellers have a thinner cuticle or none at all [24] [25] [26] [27] . Anton-Erxleben [24] noted that the polychaete cuticle was composed of two classes of organic material, a carbohydrate component and a protein component (collagen). Various histochemical investigations have shown that epidermal cells can secrete many different substances, for example, glycosaminoglycans, different mucopolysaccharides, and mucoproteins [21, 26, 28] . The orientation and organization of the mucus secreting cells from the species in this study certainly is novel, based on available literature descriptions, and warrants further investigation. In addition, observations on the utilization of the mucus in this species, both in the field and laboratory, raise further questions toward understanding its significance in the ecology and physiology of this species especially with reference to the transitional communities found beneath salmonid aquaculture sites.
